r In a population-based study, lung cancer surgical resection rates in patients with early stage NSCLC were only modestly greater than 50%. r Resection rates vary by disease stage, patient age, income level and immigrant status. r Patients 80 years and older infrequently (26.8%) undergo surgical resection. r Resection rates and adjuvant chemotherapy (AC) administration rates were significantly higher in the highest income regions compared with the lowest despite access to universal healthcare. r Just over 50% of patients who are candidates for AC receive it but rates vary by health region. r Patients 65 years or older were significantly less likely to receive AC compared with younger patients.
CCO has developed practice guidelines for the care of cancer patients in partnership with clinical experts [2] . The provincial Lung Cancer Disease Site Group develops guidelines for thoracic cancers and these guidelines are posted on CCO's website [3] .
The Cancer Quality Council of Ontario advises CCO on quality issues and in 2008 began to publicly report on the degree of concordance of selected practice guidelines as part of a set of performance metrics that make up the Cancer System Quality Index (CSQI) [4, 5] . The CSQI is a web-based report of quality indicators that span the cancer care continuum according to the seven dimensions of quality [6] . Concordance of practice with guideline recommendations is considered both a measure of effective care and equity.
One of the guidelines selected for review and public reporting was the guideline "Postoperative adjuvant chemotherapy (AC) with or without radiotherapy in completely resected NSCLC", which was jointly published with the American Society of Oncology in 2007 [7] with updates in 2012 and 2016 [8, 9] .The guideline recommends postoperative adjuvant cisplatin-based chemotherapy (AC) in adult patients who have undergone complete resection of stage II and stage IIIA NSCLC based on the National Cancer Institute of Canada's NCIC BR 10 trial [10] , other adjuvant trials [11] [12] [13] [14] [15] [16] and two meta-analyses [17, 18] .
Although progress in the treatment of NSCLC has been slow, the survival of surgically resected NSCLC patients has improved with postoperative AC. The BR 10 trial demonstrated a 15% increase in absolute survival at 5 years [10] and this benefit largely persisted at 10 years [19] . Adjuvant vinorelbine-cisplatin has a low toxicity profile and is cost-effective [20] . Therefore, it was expected that AC would be rapidly adopted by oncologists and used in the majority of surgically resected stage II/IIIA NSCLC patients.
Between 2001 and 2006, there was a sharp uptake of this practice in Ontario, with the frequency of administration of adjuvant chemotherapy rising from 7 to 31% by 2006 [21] . It was assumed that this upward trend would continue given the results of the clinical trials.
This study evaluates the degree of concordance between the AC guideline and actual practice at the population level. It also assesses the relationship between various equity measures and guideline concordance during two sequential 2-year time periods -January 2010 to December 2011 (Cohort A) and January 2012 to December 2013 (Cohort B). The frequency of surgical resection in patients with potentially resectable NSCLC in Ontario is also assessed to better understand the population for whom AC was appropriate.
Methods
Patients diagnosed between 2010 and 2013 with lung cancer were identified from the Ontario Cancer Registry (OCR) using the lung topology ICD-O-3 code C 34. The OCR is a patient-specific population-based cancer registry, which captures all newly diagnosed cases in the province of Ontario. Patients were excluded from the study cohorts according to the flow chart shown in Figure 1 beginning with exclusions if they did not have a valid Health Insurance Number (HIN), had unknown or nondiagnostic morphology, were not residents of Ontario, or had a missing postal code. From this initial cohort, small cell lung cancer patients were identified and excluded using a list of morphology codes (Appendix Table A) .
To determine surgical resection rates, all NSCLC cases defined by ICD-O-3 codes and identified in the Ontario Cancer Registry were linked to the Canadian Institute for Health Information (CIHI) Discharge Abstract Database (DAD ) for in-patient surgical activity and to National Ambulatory Care Reporting System (NACRS) for outpatient surgical activity. A list of Canadian Classification of Health Intervention lung codes were used (Appendix Table B) to identify relevant surgical procedures.
Pathology was coded according to Canadian Cancer Registry requirements using the WHO's International Classification of Diseases for Oncology, 3rd Edition [22] . Data on the method of tissue acquisition or the use of immunohistochemical staining were not collected.
Best available stage was obtained from standardized synoptic pathology reports using the Collaborative Staging System [23] . The Collaborative Staging data collection system utilizes a computer algorithm to extract data elements on tumor characteristics (tumor size, nodal involvement, presence of metastases), abstracted by the cancer registry analyst from different data bases, including hospital electronic patient records, the Activity Level Reporting system at CCO, a database that contains pathology reports submitted from laboratories, the DAD and NACRS data. The DAD is a national database that contains information on separations from acute-care institutions, including discharges, deaths, sign-outs and transfers. NACRS is a national database that collects demographic, administrative, clinical and service-specific data for emergency department visits, day surgery and other ambulatory care visits. From these data holdings, the tumor characteristics and method of their determination (clinical versus pathological) Two cohorts of NSCLC patients undergoing surgical resection of stage II and IIIA NSCLC were assessed for postoperative therapy. Cohort A consisted of patients resected within 270 days of diagnosis between January 2010 and December 2011; patients in Cohort B were resected within the same time interval from diagnosis between January 2012 and December 2013. Patient data from each of the cohorts were linked to CCO's Activity Level Reporting database, which contains regimen-specific systemic treatment information from the Regional Cancer Centres (RCCs) across Ontario. Data on whether chemotherapy was delivered in non-RCC facilities were obtained through record linkage to the DAD and NACRS; however, information on the specific type of chemotherapy is not available through NACRS. Postoperative treatments were grouped as follows: platinum-based (cisplatin or carboplatin) AC given within 120 days of surgical resection administered in an RCC; any chemotherapy administered in a non-RCC treatment facility within 120 days of surgery on the assumption that chemotherapy administered postoperatively in this time frame was AC and guideline concordant; other non-platinum-based chemotherapy within 120 days; and no treatment. The time intervals used to define the cohorts are arbitrary but were recommended by disease site experts when the guideline concordance metrics were established for the CSQI. Non-RCC facilities were included in this analysis in order to have as complete a picture of the population-based treatments as possible.
Guideline concordance was examined for each of the two cohorts by health region and by the following measures of equity: age (30-49, 50-64, 65-79, 80+ years), sex (male, female), neighborhood income (reported in quintiles), location of residence (urban, rural, rural-remote, rural very remote as defined by Statistics Canada) [24] and size of immigrant population (reported in terciles). For the purpose of the study, the definition of an immigrant is a person who is or has ever been a landed immigrant and granted the right to live in Canada permanently by immigration authorities.
Surgical and AC administration rates were assessed in relation to equity measures by geographic region by linking the postal codes of patients to their corresponding geographic area using the Postal Code Conversion File Plus managed by Statistics Canada. Information on neighborhood income (reported in quintiles with quintile 1 having the lowest income and quintile 5 the highest), location of residence (urban, rural, rural-remote, rural very remote) [24] and size of immigrant population (reported in terciles with tercile 1 having the lowest immigrants and tercile 3 the highest immigrant population) was derived from the Postal Code Conversion File Plus.
Data runs were completed for guideline concordance in July 2015 and for surgical management in July 2016. Multiple Chi-Square tests of homogeneity between various factors including age, gender, socioeconomic factors and location of residence were used to examine resection rates among NSCLC patients. Additionally, pairwise comparisons of the rates of AC between Cohort A and Cohort B for each local health integration network (LHIN) were performed using a Chi-square test of homogeneity each with one degree of freedom. As the number of resected cases in each LHIN and cohort were small, caution needs to be exercised in interpreting any significance result at the LHIN level. Chi-square tests were run in SAS Version 9 using the proc freq procedure. Logistic regression analysis was not undertaken.
Results
From 1 January 2010 to 31 December 2013, 32,502 cases of lung cancer were diagnosed in Ontario. There were 22,118 patients with a single primary. 8333 patients had multiple primaries and were excluded from the analysis. The percentage of stage I-III NSCLC cases with multiple primary cancers was approximately 23% and varied by stage and year of diagnosis. The most common second primaries were lung (14.4%), colorectal cancer (11.9%), breast cancer (10.6%) and prostate cancer (6.3%). A total of 82 patients were excluded for missing health information numbers or postal codes; 1264 patients died before any treatment was given.
Of the patients with a single primary, 16,922 (76.5%) had non-small-cell histology: 8448 patients were in cohort A and 8474 patients in cohort B.
Overall, 89.8% of all NSCLC patients (15, 200) 
Discussion
The Cancer Quality Council of Ontario selected the guideline on AC for resected NSCLC to monitor concordance because of the evidence of a survival benefit and the fact that the guideline recommendation represented a relatively recent change in practice. It was anticipated that the concordance rate with the AC guideline would be high, which would signal that Ontario lung cancer patients were receiving current best practice. It was also anticipated that the adoption rate of AC would increase over the time due to promotion of best practice through CCO's Lung Disease Pathway Management initiative [25] . Therefore, it was surprising to see how low the rates of concordance were in both time periods for AC and the degree of regional variance in guideline concordant care.
Although it is commonly assumed that virtually all lung cancer patients receive current best practice as articulated in current practice guidelines, this is clearly not the case at a population level even within a publicly funded health care system. The reasons for this are uncertain but likely include the fact that the patients selected for entry into clinical trials are not representative of the wider lung cancer population as they tend to be younger and to have few comorbidities. The median age of patients in clinical trials is typically 60 years, whereas Canadian Cancer Registry statistics show that 53% of lung cancer patients are older than 70 years and 4.6% are 80 years or over [26] . During CCO's Lung Cancer Disease Pathway initiative, it was noted that 29% of NSCLC patients diagnosed in the province of Ontario in 2011 received no active treatment at all. 69% of these patients were older than 70 years and 32% were over 80 years. The lack of data on the comorbidities of the patients included in our study limits the interpretation of the data; however, it is reasonable to assume that many of these elderly patients did not receive treatment because of frailty, comorbidities or patient choice. Nonetheless, 10% were 60 years of age or younger and the explanation for not receiving AC is unclear.
It was also noteworthy and somewhat surprising that a significant number of stage I and II patients received no surgical treatment. Relatively few older patients (>80 years) underwent curative surgical resection, which is perhaps not unexpected. However, only 55% of younger patients (50-64 years) had a resection. Despite Ontario's publically funded health care system, patients from the lowest income populations were less likely to have a surgical resection. The reasons for this disparity are unclear but ability to access services, health literacy and comorbidities may be factors. Variability in surgical resection rates has also been noted in other population-based studies notably in England where resection rates for NSCLC ranged from 3 to 18% according to geographic region [27] .
With regard to the use of AC, the results seen in this population-based study are consistent with a number of institutional and small jurisdictional studies. These studies provide insights into why patients do not receive AC. [28] . After the results of the BR.10 and Cancer and Leukemia Group B 9633 were reported in June 2004, 63% (56/89) of surgically resected patients were referred for AC. The reasons for not referring to a medical oncologist included stage IA disease, the surgeon's opinion that adjuvant therapy was inappropriate, the patient declined, comorbidities, postoperative complications and advanced age. Of 92 patients referred to medical oncology, only 42 (46%) received AC. The reasons for not prescribing AC included patient refusal (50%), comorbidities (14%), stage IA disease (10%) and advanced age (4%).
A retrospective study of all patients with NSCLC who underwent curative-intent surgery in Nova Scotia, Canada in 2005 also showed a relatively low rate of use of AC [29] . Of the 108 patients, referral to medical oncology occurred in only 44%. Thirty of these 41 patients (73%) had stage II-III disease and of these, 22 (54%) received AC. Higher uptake was significantly associated with younger age, disease stage (II/III vs I) and surgery type (pneumonectomy vs wedge resection).
Tognela et al. reported a similar result from the South Western Sydney Local Health District of Australia) [30] . Of 137 patients who underwent surgical resection, only 63 (46%) received AC. The main reasons for patients not receiving AC included stage IB disease (32%), advanced age/comorbidities (24%), patient preference (14%), prior neoadjuvant treatment (7%) and nonreferral (7%).
Cuffe et al. previously explored the relationship between age and the frequency of administration of AC using Ontario Cancer Registry data [31] . From In the current study, it appears that more women than men accepted AC particularly in Cohort A (p = 0.04), although this difference was not significant in Cohort B. Income level appeared to make a difference with a greater proportion of patients receiving adjuvant therapy in the highest income level compared with the lowest for both cohorts. This is surprising in a publically funded health care system but may have more to do with factors such as comorbidities, health literacy and performance status. Neighborhoods with a higher immigrant population also appeared to receive AC less often. The explanation for this is unclear but could be because immigrant populations are less knowledgeable or accepting of treatment or that physicians are less able to communicate effectively the need for this adjuvant treatment to these populations. It is possible that a logistic regression analysis might help to clarify the reasons that underlie the greater use of adjuvant therapy in the higher income regions.
Our study is based on record linkage and has a number of limitations. Data on performance status, weight loss and comorbidities are not routinely captured in the administrative data sets that were mined for this evaluation and these characteristics are critical to clinical decision-making. It is now well recognized that these metrics need to be captured in order to evaluate whether patients are receiving quality cancer care. Patients completing the Edmonton Symptom Assessment Scale at electronic kiosks during visits to Ontario cancer centers are now also reporting their performance status.
Our data do suggest that greater efforts need to be made to understand the reasons behind the lower than expected level of compliance with treatments that can improve survival. A study of medical, radiation and surgical oncologists' knowledge of Ontario's practice guidelines and influence on treatment decisions found that physicians perceived their patients to be different from those in the clinical trials on which the practice guidelines were based [32] . Lung cancer patients were commonly older with significant comorbidities, which precluded use of AC. In addition, delays in referral and lack of administrative support were factors that contributed to non-treatment. This may indicate that there is a continuing negative attitude at the administrative level to the treatment of lung cancer patients.
Although it might be concluded that guideline adoption in Ontario has been relatively low and, therefore, not likely impactful on clinical outcomes, a study by Booth et al. suggests the opposite [21] . Over the study period from 2001 to 2006, the proportion of patients receiving AC increased from 7% (192 of 2950 patients) to 31% (1032 of 3354 patients; p <.001). Within 2 years of surgery, there was a 33% reduction in the proportion of patients admitted to hospital with metastatic disease (p <.001) and a substantial improvement in 4-year survival among surgically resected patients, from 52.5% (2001) (2002) (2003) to 56.1% (2004) (2005) (2006) ; p = 0.001). The authors concluded that there was a rapid uptake of AC and that this was associated with a substantial improvement in overall survival. The failure to see much change between Cohorts A and B in the rate of uptake of AC was likely due to the fact that the most rapid increase in guideline uptake had already occurred prior to our study. Any further increase in the proportion of patients receiving postoperative AC will likely require efforts to address the equity issues we have identified.
Our data on concordance of lung cancer practice guideline recommendations with actual practice have demonstrated regional variance, which, in some cases, was significantly different from the provincial average. The reasons for these differences in practice are unclear but may be due to resource availability, physician attitudes to treatment or in the populations served.
These observations support the need for further research to understand the reasons behind the observed variation and the strategies that might reduce it.
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